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Black Hole
AGN identification and obscuration: 
multi-scale, multi-component, multi-wavelength
Problem: accretion disk  
is spatially unresolved –
the AGN can be variable
Accretion disk:
<0.01 pc
Problem: obscuration 
changes the observed AGN 
signatures
Of order ~10 pc
(region of BH influence)
Problem: host galaxy
can dilute/extinguish 
AGN signatures
Kpc-scale environment: host 
galaxy and star formation
Of order ~10 kpc (galaxy)
Overall AGN SED and multi-wavelength processes
Unobscured AGN components are highlighted in addition to star-formation component 
but older stellar component is not indicated – several components in the X-ray band
C Harrison PhD thesis (2014)
Where is the X-ray emission from AGN produced?
Images can be downloaded from: http://www.isdc.unige.ch/~ricci/Website/AGN_in_the_X-ray_band.html
C Ricci PhD thesis (2011)
Large-scale scattered X-ray emission 
can also be detected: NGC1068
Ogle et al. (2003)
X-rays provide a near complete AGN selection
(1) The host galaxy is often weak in X-rays
Only the most powerful star-forming 
galaxies have observed LX>1041-42 erg/s 
and almost all is emitted at <10 keV
Mineo et al. (2014)
Brandt & Alexander (2015)
X-rays provide a near complete AGN selection
(2) X-rays (particularly >10 keV) can penetrate through significant columns of gas 
and dust – can use X-ray data to reliably measure absorbing column
Movie can be downloaded from: http://www.isdc.unige.ch/~ricci/Website/AGN_in_the_X-ray_band.html
Piece of paper: NH~1022 cm-2
 
Division between obscured 
and unobscured AGN
Chest: NH~1024 cm-2
 
Division between Compton 
thin and Compton thick AGN
Current high-sensitivity focusing X-ray observatories
NuSTAR: 3-78 keV
Chandra: 0.5-8 keV
XMM Newton:  
0.5-12 keV
Harrison et al. (2013)
Grazing incidence optics
Effective area of the mirrors as a function of X-ray energy
Imaging: Chandra, XMM, & NuSTAR
Chandra: ~0.5”
NuSTAR: ~18” PSF (50” HPD)
XMM Newton: ~5”
Bauer et al. (2014): for NGC1068
Red circle: 75” radius
Spectroscopic sensitivity and coverage: Chandra, 
XMM, & NuSTAR
XMM Newton 
Bauer et al. (2014): for NGC1068
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Key questions asked to address in talk
(1)  What types of AGN are selected and not selected? 
(2)  What selection effects are at play? 
(3)  What is the effective range of black-hole mass and Eddington ratio? 
(4)  How much do we understand about evolution with redshift (and 
how does this fit into the big picture)?
(5)  Are the current observatories sufficient?
See the X-ray talks this afternoon (and other AGN talks over the rest of 
this week) for more details on the scientific discoveries
See Brandt & Alexander (2015) for a general review of X-ray selection and cosmic X-ray surveys
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What types of AGN are selected and not selected?
X-rays select essentially all AGN types
Type 1 AGN and type 2 AGN are, in 
general, well distinguished but with 
some rare notable discrepancies (e.g., 
unabsorbed type 2; absorbed type 1)
Salvati & Maiolino (2000)
Optical-near-IR 
obscuration 
X-ray 
obscuration 
X-ray observations provide 
much of the central support 
for the unified AGN model
Compilation from several cosmic X-ray surveys by Ueda et al. (2014)
Swift BAT
ASCA
Chandra/XMM
High luminosity “quasars”
Moderate luminosity “Seyferts”
Low luminosity AGN
What types of AGN are selected and not selected?
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X-ray AGN detected in the central region 
of 4 Ms Chandra observation of CDF-S
Xue et al. (2011)
LogN-log S: AGN source density in the  
4 Ms CDF-S of >10,000 deg-2
Overall deep X-ray surveys have selected and identified the highest 
robust AGN source density to date:
Lehmer et al. (2012)
Stars
Galaxies
AGN
What types of AGN are selected and not selected?
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The most significant selection for X-rays is the effect of absorption, 
which depends on the redshift of the source and the X-ray coverage
What selection effects are at play?
Koss et al. (2016)
Absorption effect in an X-ray band decreases with redshift due to the higher rest 
energies probed – but these selection effects can be reliably taken into account
Some example bands: 
ROSAT: 0.1-2.4 keV 
Chandra: 0.2-8 keV
NuSTAR: 3-78 keV
BAT: 15-194 keV
Gandhi et al. (2014)
High-quality X-ray data: clear C-thick AGN
But also X-ray weak 
compared to IR or emission 
lines from AGN – can use 
X-ray weakness as a basic 
C-thick AGN diagnostic 15 
However, Compton-thick AGN can be challenging to robustly identify 
without high-quality X-ray data, almost irrespective of energy range:
Identify candidate C-thick AGN from IR 
AGN with weak X-ray emission
Del Moro et al. (2016)
What selection effects are at play?
Where is the AGN?
NGC 1448: 50ks Chandra
Annuar et al. (in prep)
Gemini TRECS 12um high resolution 
image - identifies the X-ray AGN
Low-luminosity AGN (LX<1041-42 erg/s: intrinsically weak or heavily 
obscured) can also be challenging to identify from host-galaxy emission:
TORUS	  Model	  (Brightman	  &	  Nandra	  11):	  
NH>5x1024	  cm-­‐2	  –	  Compton-­‐thick	  AGN	  
Chandra+NuSTAR	  data	  
What selection effects are at play?
Similarly, AGN in cluster 
cores can be difficult to 
identify (hot-gas X-rays)
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X-ray AGN selection should not be inherently biased towards ranges in 
black-hole mass and Eddington ratio:
What is the effective range in black-hole mass and 
Eddington ratio?
Baldassare et al. (2015)
RGG 118: 50,000 solar mass BH
However, recall note on challenges on 
identifying such low-luminosity AGN
Majority of AGN in X-ray surveys are in massive galaxies; however, this 
due to the broad range in Eddington-ratios that X-rays can select AGN:
What is the effective range in black-hole mass and 
Eddington ratio?
Xue et al. (2010)
AGN
Red galaxies
Blue galaxies
Aird et al. (2012)
Broad Eddington-ratio distribution: 
no strong mass dependence
Can detect AGN to much lower Edd-ratios 
in massive galaxies – so more X-ray AGN 
in massive galaxies detected
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(1) X-ray emission does not appear to significantly evolve with redshift 
(as measured by the αOX parameter)
How much do we understand about evolution with z?
Big picture: basic accretion process seems robust out to at least z~6
Steffen et al. (2006); Lusso & Risaliti (2016)
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(2) Luminosity dependent redshift evolution (e.g., luminous AGN more 
common at higher redshifts):
How much do we understand about evolution with z?
Aird et al. (2015)
Big picture: to first order gas availability dictates mass accretion (as it does for star 
formation) but second-order effects also at play (e.g., feedback; environment)
Mass accretion broadly traces star formation
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(3) X-ray measured absorption appears to decrease with luminosity and 
tentatively increase with redshift:
How much do we understand about evolution with z?
Big picture: changes in obscuring covering factor – luminosity may be dominant factor
Ueda et al. (2014); see also Aird et al. (2015), Buchner et al. (2015)
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Need for better source demographics and more detailed astrophysics:
Are the current observatories sufficient?
eROSITA (2017+)  
(all sky survey: demographics)
•  ~0.2-10 keV; ~15” resolution
•  >106 AGN (over 4 years) out 
to z~6
Merloni et al. (2013)
Athena (2028+)  
(general observatory: detailed 
astrophysics)
•  ~0.3-12 keV; ~3-5” resolution
•  Wide-field imager and high  spectral 
resolution microcalorimeter (X-IFU)
•  >10x more “effective” than Chandra/
XMM Newton
Nandra et al. (2013)
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Advantages and disadvantages of X-ray selection
(1)  X-rays can penetrate through large column densities – this allows 
for a (near) complete AGN census 
(2)  Accurate absorbing column densities can be measured from X-ray 
data – confirmation of Compton-thick AGN only possible with  
X-ray data (to identify Compton-thick signatures); however, 
Compton-thick AGN are typically X-ray weak 
(3)  Host galaxy weak compared to the AGN except in extreme cases 
of low luminosity or heavily obscured AGN and/or strong star 
formation 
(4)  X-rays provide (arguably) the most efficient and robust selection of 
the (majority) of the AGN population
X-ray observations have provided much of our current view of the “big 
picture” of AGN – see this afternoon talks for greater detail
